(S)-5-Isopropyl-5-methyl-2-thiohydantoin was synthesized by one-pot reaction of α-methyl-Lvaline and thiourea in the absence of solvent. The crystal structure of this compound has been determined from single crystal X-ray diffraction data. This is the first report on the crystal structure of a homochiral 5-substituted 2-thiohydantoin with the unsubstituted NH groups. This compound, C7H12N2OS crystallizes in the chiral orthorhombic space group P212121 with four molecules in the unit cell. The unit cell parameters are: a = 8.2798(12) Å, b = 8.6024(13) Å, c = 12.826(2) Å and V = 913.6(2) Å 3 . In the crystals, the thioamide and amide N-H of one molecule are hydrogen-bonded to the thioamide C=S group of neighboring molecules to form rings with the R 2 2(8) graph-set motif, and these rings are linked into infinite one-dimensional tapes.
Introduction
Hydantoins (imidazolidine-2,4-diones) are a class of 5-membered heterocycles containing two nitrogens in an ureide configuration. Due to their diverse biological and pharmacological properties, hydantoins have been used in a wide variety of therapeutic applications [1] . In particular, hydantoins substituted at the 5-position have been widely used as antiarrhythmic [2] , anticonvulsant [3] and antitumoral agents [4] . Closely related analogues of hydantoins are thiohydantoins, which may have one or both of the carbonyl groups replaced by the thiocarbonyl groups. Among the known thiohydantoins, 5-substituted 2-thiohydantoins (2-thioxoimidazolidin-4-ones) are the most notable for a large number of medicinal and industrial applications [5] .
This class of compounds commonly contain a thioamide and an amide group in a molecule, which provides equal number of hydrogen-bond proton donor (D) and acceptor (A) in the D-A-D-A sequence. This unique structural feature leads to the compounds with unique physicochemical and biological properties [6] [7] . We have studied the crystal structures of a series of 5-substituted 2-thiohydantoins in order to get insights into the factors controlling the molecular packing in the crystal [8] [9] [10] [11] [12] [13] . Crystal structure data of 5-substituted 2-thiohydantoins reported in Cambridge Structural Database (Ver. 5.34) have been mainly limited to racemic compounds. Crystal structure data of the homochiral compounds are of great importance since their physicochemical and biological properties are expected to differ from those of racemic compounds.
In this paper, we report on the synthesis and analysis of the X-ray crystal structure of (S)-5-isopropyl-5-methyl-2-thiohydantoin ((S)-IPrMTH). This is the first report on the crystal structure of a homochiral 5-substituted 2-thiohydantoin with the unsubstituted NH groups. The crystal structural features of (S)-IPrMTH are also discussed in comparison with those of racemic 5-isopropyl-5-methyl-2-thiohydantoin ((rac)-IPrMTH) previously reported [13] .
Experimental

Instrumentation
The melting point was measured using a Shimadzu DSC-60 differential scanning calorimeter (DSC) equipment. The infrared (IR) spectra was recorded on a Horiba FT-720 Fourier transform infrared spectrometer. IR measurements were carried out by the KBr method at 64 scans per spectrum with 4 cm −1 resolution. 1 H NMR spectra (500 MHz) and 13 C NMR spectra (125 MHz) were recorded on a JEOL JNM-ECA 500 spectrometer. The X-ray diffraction data was collected at 123(2) K by ω scan technique on a Rigaku/MSC Mercury CCD diffractometer [14] equipped with graphite-monochromatized MoKα radiation (λ = 0.71070 Å). The data were corrected for Lorentz-polarization and absorption effects [15] . These structures were solved by direct methods using SIR2008 program [16] and refined by a full-matrix least-squares calculation on F 2 using SHELXL-97 [17] . All calculations were performed using CrystalStructure software package [18] . The absolute structure of (S)-IPrMTH has been assigned by reference to an unchanging chiral centre in the synthetic procedure [5] and confirmed by Flack parameter [19] . Nonhydrogen atoms were refined anisotropically. The hydrogen atoms bonded to nitrogen atoms were located in a difference map and refined freely. The remaining hydrogen atoms were positioned geometrically (C-H = 0.98 or 1.00 Å) and refined using a riding model, with Uiso(H) = 1.2 Ueq(C). Structures were visualized using ORTEP-3 for windows [20] and Mercury [21] . Details on data collection and refinement are given in Table 1 . 
Synthesis
(S)-5-Isopropyl-5-methyl-2-thiohydantoin was synthesized by slight modification of a literature method [5] . A 1:3 mixture of α-methyl-L-valine (0.20 g, 1.53 mmol, Bachem AG, Bubendorf, Switzerland) and thiourea (0.35 g, 4.57 mmol) were allowed to react directly in the absence of solvent at 180 °C for 5 h. This reaction was carried out in a 30 mL round-bottom flask under stirring using an oil bath as the heat source. After the reaction was complete, water was added while the flask was still warm. The solution was reheated to dissolve all the solids and allowed to cool to room temperature, then placed in a refrigerator for 3 h. The colorless crystals removed by vacuum filtration were further purified by flash column chromatography using hexane and ethyl acetate as eluents. Single crystals suitable for X-ray diffraction were obtained by recrystallization from aqueous solution (Scheme 1).
( 
Results and discussion
(S)-IPrMTH crystallizes in the chiral orthorhombic space group P212121, which implies that (S)-IPrMTH was obtained in an optical pure form without racemization in the present reaction condition. (S)-IPrMTH molecule has two different types of NH bonds in the thioureide group. Thus, the IR spectroscopy supplies two NH stretching vibration bands at 3218 and 3138 cm -1 , in addition to the C=O stretching vibration band at 1768 cm -1 .
In 1 H NMR, the characteristic broad singlet appeared at 8.09 and 9.09 ppm for the thioamide proton and the amide proton of the thioureide group, respectively. The singlet proton signal due to the methyl group appeared at 1.46 ppm. Furthermore, the characteristic signals appeared at 0.95-1.04 and 2.07 ppm for the methyl and methine protons of the isopropyl group, respectively. The 13 C NMR spectra showed peaks at 181.18 and 177.69 ppm for the C=S and C=O of the thioureide group, respectively. Figure 1 shows the molecular structure of (S)-IPrMTH with the atom-labeling scheme. Table 2 summarizes the selected geometric parameters. Figure 2 and Table 3 show the crystal packing and hydrogen-bond geometry. The 2-thiohydantoin moiety (N1/C1/S1/N2/C2/O1/C3) is nearly planar, with a maximum deviation of 0.0292 (12) Å for atom N2. The orientation of the isopropyl group, defined by the atoms C5, C6 and C7, relative to this plane is given by the torsion angles N1−C3−C5−C6 and N1−C3−C5−C7 of 58.90 (13) Table 3 for details).
On the other hand, the hydrogen-bonding pattern of (S)-IPrMTH is quite different from that of (rac)-IPrMTH. In (S)-IPrMTH crystals (Figure 2, Table 3 ), the thioamide N1−H and amide N2−H of one molecule are hydrogen-bonded to the thioamide S1=C1 group of neighboring molecules to form rings with the R 2 2(8) graph-set motif [22] 
Conclusion
(S)-5-Isopropyl-5-methyl-2-thiohydantoin ((S)-IPrMTH) was synthesized by one-pot reaction of α-methyl-L-valine and thiourea in the absence of solvent. (S)-IPrMTH crystallizes in the chiral orthorhombic space group P212121 with four molecules in the unit cell. The molecular structural features in (S)-IPrMTH crystals are nearly identical to those in the crystals of racemic 5-isopropyl-5-methyl-2-thiohydantoin previously reported. On the other hand, the hydrogen-bonding pattern is quite different to each other. In (S)-IPrMTH crystals, the thioamide and amide N−H of one molecule are hydrogenbonded to the thioamide C=S group of neighboring molecules to form rings with the R 2 2(8) graph-set motif, and these rings are linked into infinite one-dimensional tapes.
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